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ABSTRACT 

We have searched in the XMM-Newton pubhc archive for quasars in the Sloan 
Digital Sky Survey (SDSS) First Data Release (DRl), and found 55 lying in the 
field of a XMM-Newton observation with exposure times >20 ksec (as of August, 
2004). The 35 quasars which yielded good X-ray spectra span redshifts from 0.5 
to 2.5. The large collecting area of XMM-Newton allows us to investigate the 
dependence of the X-ray spectra of quasars on luminosity, redshift and optical 
colors. We find: (1) no evolution of X-ray slope (F) with either redshift or 
luminosity; (2) no correlation between F or absorbing column density and the 
optical to X-ray ratio, aox] (4) no relation between aox and optical colors. 
The two latter results suggest that obscuration is not the dominant cause of the 
spread in X-ray slope or optical color. We find four unusual quasars, 10% of the 
sample: three are absorbed (J^^h >10^^cm~^), of which one has high luminosity 
(1.5xl0^^erg s~^); the fourth has F=0.6±0.2, far flatter than the typical value of 
1.8-2.0, and a strong emission line (EW=1.2±0.4 keV) which, if Fe-K, implies a 
redshift of ~1.4. 

Subject headings: Galaxies: AGN — X-rays: galaxies 

1. Introduction 

Surveys of the X-ray properties of optically selected quasars have followed two main 
lines: 

(1) detailed spectral analysis of relatively small samples (<30) of bright, mostly low redshift 
objects (Elvis et al. 1987, Laor et al. 1997, George et al. 2000, Reeves & Turner 2000), 
primarily using the Bright Palomar Survey {B < 16.3) ("PG", Schmidt & Green 1983). 
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These works have shown that radio quiet quasars have on average a power-law spectrum in 
the X-rays, with photon index F ~ 2, analogous to what is found for the lower luminosity 
Seyfert 1 Galaxies (George et al. 1998, Perola et al. 2002), and are not absorbed, with the 
exception of Broad Absorption Line (BAL) quasars, which represent ~ 10 — 20% of optically 
selected objects (Reichard et al. 2003). 

(2) statistical investigations of large (~ 100) samples using only X-ray fluxes, in order to 
compare X-ray and optical/UV properties (Zamorani et al. 1981, Avni & Tananbaum 1986, 
Wilkes et al. 1994, Yuan et al. 1998, Bechtold et al. 2003, Vignah, Brandt & Schneider 
2003, hereinafter V03, Strateva et al. 2005). These works have clearly established a relation 
between the X-ray to optical ratio with optical luminosity: more luminous objects are X-ray 
fainter (relatively to the optical emission). 

What has not been possible is a study of the X-ray spectra of a large sample of quasars, 
especially one spanning a wide range of luminosity and redshift. Hence a change in X-ray 
loudness might be due to a change of the intrinsic continuum production method or efficiency, 
or merely to line of sight obscuration (Risaliti et al. 2001). 

The new generation optical surveys and X-ray instruments are changing this situation 
significantly: the Sloan Digital Sky Survey (SDSS, York et al. 2000) will provide high quality 
optical spectra and photometry for ~ 100, 000 quasars spanning a redshift interval from 
to > 6. 

The expected X-ray flux of SDSS quasars can be estimated from optical magnitudes 
assuming the median standard Spectral Energy Distribution (SED) of Elvis et al. (1994) 
and the luminosity - aox relation of V03. They range from ~ 10~^^ to ~ 10^^^ erg s^^ cm^^, 
accessible to Chandra (Weisskopf et al. 2002) and XMM-Newton (Jansen et al. 2001) for 
good quality X-ray spectra ( > 100-1000 counts). Pointed observations with both the X-ray 
observatories have been performed for the highest redshift {z > 4) SDSS quasars (Brandt et 
al. 2002, Bechtold et al. 2003, Vignah et al. 2003a,b). 

To obtain large samples of X-ray spectra for lower redshift SDSS quasars targetted 
observations are less efficient than a 'serendipitous' approach. XMM-Newton has larger 
collecting area (~ 1, 800 cm^ at 2 keV, vs. ~ 400 cm^) and field of view (a circle of ~14 
arcmin radius, vs ~8 arcmin) than Chandra. A source with a standard radio-quiet quasar 
spectrum and 2-10 keV fiux of 10~^^ erg s~^ cm~^ observed by XMM will give a ~ 100 counts 
in ~10 ksec. 

Here we present the results of a first analysis of the X-ray properties of 55 SDSS quasars 
serendipitously observed by XMM-Newton in long (> 20 ksec) observations. The quasars 
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span redshifts from 0.5-2.5 and a wide range of luminosities. The SDSS selection criteria 
(Richards et al. 2002) arc based on the locus of quasars in a multi-color space, and allows 
the selection of objects redder than the classical UV-excess selected objects (e.g. Schmidt 
& Green 1983). As a consequence, a significant fraction (~ 10%) of optically red quasars is 
present in the SDSS (Richards et al. 2003). We first investigate the relations between X-ray 
properties and luminosity , redshift and optical colors. We then concentrate on the analysis 
of four objects with peculiar X-ray properties. FinalUy, we briefly discuss the expected 
quality of the final sample. 



2. The SDSS - XMM-Newton DRl-04 Quasar Sample 

As of August 2004, of the 18,650 quasars of the SDSS DRl, the XMM-Newton pubhc 
archive^ contained 150 within 14' of the XMM optical axis, which are not the main targets 
of the XMM observations. The length of the XMM observations varies between ~4 ksec and 
~100 ksec. 

We extracted the XMM data for the 58 quasars in the 20 longest XMM-Newton ob- 
servations (> 20 ksec). For each object we extracted the spectra from the two EPIC CCD 
detectors PN and MOS (from the combined MOSl and M0S2 observations). In 15 cases 
the object was found to lie in a bad region in one of the two instruments, either in a strip 
between two adjacent chips, or in a zone outside the field of view (in particular, the PN 
instrument has a rectangular shape, therefore our circular selection region does not overlap 
at large distances [> 10'] from the on-axis position). For these 15 objects we performed our 
analysis using the only available detector. In 3 cases (~ 5%) the quasar lay a bad region in 
both the observations, therefore no XMM spectrum is available. For the remaining 40 cases 
both the PN and MOS spectra are available. For five quasars only a flux measurement was 
possible due to the low S/N, while 15 others are not detected. For these objects we estimated 
a flux upper limit, based on the effective observation length and on the off-axis distance. 
For the 35 remaining objects we extracted and analyzed the X-ray spectrum. For all 35 
well-detected sources, the background was extracted from a region of the same observation 
at the same off-axis distance as the source. 



°Wc estimate luminosity distances using the standard "concordance" cosmological parameter 
{ho,nM,^x) = (0.7, 0.3, 0.7), Spergel et al. 2003. 

^URL: littp://xmm. vilspa.esa.es 
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3. First results 

In order to obtain homogeneous results, we fitted all the 0.5-10 keV spectra with a simple 
model of a power law (of photon index F) absorbed by an intrinsic column density (Nj^), 
and the Galactic column density from the maps collected by Dickey & Lockman (1990). We 
used XSPEC V.11.3 (Arnaud 1996) as the fitting engine, and the standard minimization 
technique, after rebinning in order to have at least 15 counts per spectral channel. The 
largest Galactic column density toward these high Galactic latitude objects is 7xl0^°cm~^, 
and is typically 2-3xl0^°cm~^. 

The main results of the X-ray spectral and correlation studies are shown in Figures 1 
and 2. First we note that previous studies were mainly based either on low-redshift objects, 
like the PG quasars, or on upper limits on the X-ray flux for objects with z > 1, while our 
sources homogeneously sample the '--^0.5-2.5 redshift range (Fig. la), with a detection rate 
which is high (~ 70%) and constant with redshift up to ^ ~ 2.5 (Fig. lb). 

The XMM results are consistent with the V03 aox - luminosity correlation (Fig. Ic), 
and the lack of correlation between aox and redshift (Fig. Id). The main new results are 
the following: 

1. No spectral evolution with luminosity or redshift has been found. The photon index is 
on average consistent with values F = 1.8 — 2 (Fig. 2a and 2b), typical of low luminosity, 
low redshift AGNs (George et al. 2000, Mineo et al. 2000). Since the rest frame energy 
range changes substantially with redshift, reaching above 30 keV for the three z>2 
quasars, all of which have well determined F values, we conclude that quasar spectral 
slopes are unchanged up to ~30 keV. 

2. No correlation is present between F and the B-R color (Fig. 2c). This implies that the 
X-ray index and optical colors are driven by different physical parameters, not by obscu- 
ration. This is expected e.g. in a disk-corona scenario (e.g. Haardt & Maraschi 1991), 
where the optical-UV slope is determined by the physical conditions in the accretion 
disk, while the slope of the X-ray emission is related to the temperature and Gompton 
depth of the hot corona. 

3. F is not related to aox (Fig- 2d). The implication is that the efficiency of X-ray 
production relative to the optical (accretion disk) power is separate from the mechanism 
that determines the spectral shape of the X-ray emission. Moreover, the spread in aox 
cannot be due to absorption, because then flatter spectra would be found in X-ray weak 
objects. 
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4. The scatter around the aox-optical luminosity relation does not depend on optical 
color. In Fig. le we plot the difference Aaox between the measured aox and the one 
expected based on the V03 relation, versus the optical color B-R. No correlation is 
present. If red optical colors were due to reddening by cold material then red objects 
would be X-ray weak due to absorption. The lack of correlation suggests that on 
average the X-ray loudness of quasars and the optical colors are driven by different 
physical processes, and are not related to absorption/extinction. 

5. All but three quasars show no low-energy photoelectric cut-off (N// <10^^cm~^, Fig. If). 
Since all these quasars arc type 1 objects (i.e. have broad optical emission lines) this 
is not surprising as such objects arc typically unobscurcd. The three exceptions are 
the three reddest objects, with (B-R)>1 (Fig. 2c) and are discussed below. 

3.1. Unusual quasars 

Four of the 35 quasars with XMM X-ray spectra ('^ 10% of the sample) have properties 
that clearly diverge from the rest. 

Three of them are obscured by a column density Nh > 10^^ cm~^. Of these, two 
(SDSS J033718.81+003303.7, z=0.437, and SDSS J09345834+6112343, z=0.245, marked as 
7^1 and #2 in the figures) are high-z analogs of Narrow Emission Line Galaxies (Ward et 
al. 1978) in the local Universe: they have optical spectra of type 1.8-1.9 Seyferts, an X-ray 
column density oi Nh = l-3lo;8 ^ ^^^^ cm~^ and A''^^ = 2.6lQ;g x 10^^ cm~^, respectively, and 
moderate 2-10 keV luminosities, ~ 10^^ erg s~^. 

The third object (SDSS J030238. 16+000203.4, z=1.35, marked as #3 in the figures) is 
more unusual, in having an optical spectrum typical of a blue broad line quasar (FWHM(MgII,CIII])~ 
4,000 km s^^), with an X-ray spectrum absorbed by an intrinsic column density Nh = 
2.5lo;9 ^ 10^^ cm~^. The intrinsic 2-10 keV luminosity is 1.5 x lO'*^ erg s~^. The absorber is 
significantly more dust-free than normal in AGNs, with an upper limit for the dust to gas 
ratio ~ 1/50 of the Galactic value, compared to typical AGN values of ~1/10 (Maccacaro, 
Perola & Elvis 1982, Maiolino et al. 2001). These properties make this object one of the few 
known high redshift X-ray absorbed quasars. 

The fourth interesting object is the only one with a spectral index significantly fiatter 
than the average (SDSS J093533.01+612738.6, F = 0.6 ± 0.2, Fig. 2, marked as #4 in the 
figures). This object is classified as a z=0.475 quasar. However, there are no clear spectral 
lines in the SDSS spectrum, and the X-ray spectrum, in addition to a fiat continuum, shows 
a strong emission line (EW=1.2±0.4 keV) consistent with an iron Ka line at z~ 1.4 (Fig. 3). 
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If confirmed, this would be one of the few high redshift Compton thick AGNs (e.g. Norman 
et al. 2002), and a rare case of a redshift being first determined in X-rays. 

3.2. Predicted final SDSS-XMM sample 

We used the results obtained above to estimate the properties and size of the SDSS- 
XMM sample once all the SDSS spectra are released, assuming just the current 5 years of 
XMM operations. For each of the sources of the intial sample of 150 objects (Sect. 2) which 
we did not analyze directly, wc estimated the expected S/N taking into account the mirror 
vignetting, the average background counts, the probability of a non-detection due to a bad 
position in one or both detectors, and the probability of background flares affecting part of 
the observations. 

In Table 1 we present the statistics obtained for the first 55 objects (numbers in paren- 
theses), and that expected for the final SDSS-XMM quasar sample. We divided the sources 
in 5 quality groups, according to the measured (for the 55 objects with X-ray analysis) or 
expected (for the other objects) S/N: (1) S/N>25: sources for which a relatively detailed 
spectral analysis is possible; (2) 10<S/N<25: sources for which a basic spectral analysis 
(power law continuum, absorption) can be performed; (3) 5<S/N<10: only a single com- 
ponent can be fitted (equivalent to a hardness ratio measurement); (4) 2<S/N<5: only a 
fiux measurement can be obtained; (5) non-detection: an upper limit of the fiux can be 
estimated. We also show the expected distribution in redshift. 

These numbers will increase as XMM observes longer. A reasonable estimate is that 
at the time the full SDSS quasar sample is released (early 2006) the XMM public archive 
will be 30-40% larger than at the time we performed our search. The total number of SDSS 
quasars with XMM-Newton detections will then approach 1,000. 

4. Conclusions 

We have cross-correlated the SDSS DRl quasar sample with the XMM-Newton pubhc 
archive, and found 150 SDSS objects that were serendipitously observed by XMM. We esti- 
mate that over half of these objects will have a good enough spectrum (S/N>10) in order 
to estimate the basic spectral parameters (observed 0.5-10 keV photon index, F, intrinsic 
photoelectric absorption, N//). In this paper we presented the analysis of the XMM spectra 
of 55 of these quasars observed in long (>20 ksec) XMM-Newton observations. The quality 
of the data fully confirms our expectations. 
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We find that most SDSS quasars have spectral properties analogous to those of bright 
PG quasars, with a small spread in F, and no evolution of F with redshift {z) or luminosity. 
As there are three quasars with well- determined F at 2; >2, wc conclude that quasar spectra 
have no change in slope up to ~30 keV. We also find that the X-ray photon index (F) is 
independent from X-ray loudness (aox), so that the efficiency of X-ray production in quasar 
appears to be independent from the details of the mechanism of X-ray production. No 
correlation is found between and optical colors, suggesting that the observed spread in 
the X-ray to optical ratio is not related to obscuration. 

Four of the 35 sources, 10% of the sample, have unusual X-ray spectra. The three op- 
tically reddest objects in our sample (B-R>1) are also those that show significant intrinsic 
X-ray absorbing column density. Their SDSS spectra show two to be type 1.8-1.9 Seyferts, 
while one is an optically normal unreddened quasar, yet with Nh ~2-3x10^^ cm~^, suggest- 
ing the presence of a dust-free absorber. One object shows a reflection-dominated X-ray 
spectrum, and possibly belongs to the elusive class of high-z, Compton-thick AGNs. 

The work presented here is a flrst part of a large project. When the flnal SDSS quasar 
sample becomes available, over 700 quasars will have XMM observations. An analysis of the 
recently released DR3 sample (Abazajian et al. 2005) is on-going, and will include correlations 
between the X-ray spectra and the SDSS optical spectral properties. 

This work has been partially supported by NASA grant NAG5- 16932. 
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Table 1: SDSS-XMM Sample Distribution 
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Number of sources in a given interval of redshift and S/N in the 0.5-10 keV band (from the combined 
MOS-I-PN instruments). Numbers in parentheses refer to the sample of 55 sources analyzed in this paper. 
The other numbers are our predictions for the final SDSS-XMM sample. The last line contains the cumulative 
number of quasars up to the indicated redshift. Similarly, the last column shows the cumulative number of 
spectra with a S/N higher than the indicated value. 
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Fig. 1. — Results of X-ray analysis and correlation with optical properties for the SDSS-XMM sample, a: 
Luminosity-redshift plot for our sample, compared with that of PG quasars, b: Fraction of detected sources 
versus redshift for our sample and the one of Yuan et al. (1998). c and d: X-ray photon index versus optical 
2500 A monochromatic luminosity and versus redshift. In the first plot, our data are compared with the 
correlation inferred by V03 (continuous thick line, with the two dashed lines indicating the statistical errors, 
and with the correlation by Yuan et al. 1998 (horizontal segments), e: Residuals of the measured aox with 
respect to the V03 relation, versus optica B-R color, f: Nh versus B-R color. The four peculiar objects 
discussed in Section 3.1 are marked as stars. 
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Fig. 2. — X-ray photon index versus a: optical 2500 A monochromatic luminosity; b: red- 
shift; c: B-R color; d: aox- The three squares are for the "pecuhar" quasars with a measured 
column density Nh > 10^^ cm~^. 
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Fig. 3. — X-ray spectrum of the object marked as #4. Both the flat continuum (F ~ 0.7) 
and the putative iron hne {4a excess, with EW~ 1.2 keV) point to a reflection dominated, 
2; ~ 1.4 quasar 



